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ABSTRACT

Objective: This study aimed at assessing current efficacy and safety of endoscopic combined intrarenal
surgery (ECIRS) for the treatment of large and/or complex urolithiasis and identifying relevant tips and
tricks able to improve its outcomes, mainly deriving from the adjunct of retrograde flexible ureteroscopy to
the traditional antegrade approach of percutaneous nephrolithotomy (PNL).

Material and methods: A systematic review was conducted using relevant databases (Ovid Medline,
PubMed, Scopus, and Web of Sciences), employing “ECIRS” as the search term in all cases, and then adding
“endoscopic combined intrarenal surgery” and “flexible ureteroscopy AND percutaneous nephrolithotomy”
as search terms for PubMed and Scopus. Original articles and systematic reviews were selected according
to the Preferred Reporting Items for Systematic Reviews and Meta-analyses guidelines. Additionally, the
reference lists of the selected publications were checked manually.

Results: A total of 14 studies were selected for analysis: two systematic reviews, one randomized controlled
trial, five nonrandomized comparative studies, three prospective case series, and three retrospective case
series. ECIRS achieves high stone-free rates and rather low/low Clavien-Dindo grade complication rates,
confirming the role of retrograde ureteroscopy in the maximization of its efficacy and safety. A narrative
synthesis of the most recognized tips and tricks of ECIRS is provided.

Conclusion: The contribution of retrograde flexible ureteroscopy during PNL is essential. It plays a dual
role, both diagnostic and active, allowing tailoring of the procedure to the patient, urolithiasis, and anatomy
of the collecting system and optimization of the PNL efficacy and safety. This is ECIRS: an updated, com-
plete, and versatile version of PNL.

Keywords: Endoscopic combined intrarenal surgery; flexible ureteroscopy; percutaneous nephrolithotomy;
PCNL; urolithiasis.
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Introduction

ECIRS is an acronym first used in 2008,
for endoscopic combined intrarenal surgery,
standardizing the combined retrograde and
antegrade approaches to large and/or complex
urolithiasis using both rigid and flexible endo-
scopes.

This way of performing percutaneous neph-
rolithotomy (PNL)-although sparsely de-
scribed and reserved for particular clinical
situations of urolithiasis-has not been very
popular for a long time, being employed
by a rather restricted number of urologists
concentrated in definite geographical areas
(Spain, the native land of ECIRS and of the

supine/supine-modified PNL positions, and
Spanish-speaking countries; Italy, the adop-
tive homeland of ECIRS; and Japan, using
ECIRS in a prone-modified position). Until
2014, our group was practically the only one
publishing papers using “ECIRS” or its ex-
tended form “endoscopic combined intrare-
nal surgery” as keywords.**

Conversely, during the last six years, ECIRS
has become more accepted and diffused, as in-
dicated by the growing number of papers pub-
lished on the topic,?# by its introduction in
the European Association of Urology (EAU)
guidelines, in endourology textbooks!® and
in training programs.” In 2011, less than
20% of PNL patients from all over the world
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were operated in the supine position and less than 10% with a
combined approach®; in 2014, 10% of the PNLs in the United
States were performed in the supine position and 12% with a
combined antegrade-retrograde approach®; in 2017, the prac-
tice of ECIRS among Latin American urologists ranged from
32% to 45% .1

This study aimed to update the data about the efficacy and safety
of ECIRS and to identify the main tips and tricks of this com-
bined approach, possibly easing the steps of the procedure and
improving its outcomes, based on a systematic review of the ex-
isting literature.

Material and methods

Literature search and article selection

A systematic review of the literature using relevant databases,
including Ovid MedLine, PubMed, Scopus, and Web of Science,
was concluded on April 29™,2020 independently by both authors
to identify relevant studies, according to the four-item Preferred
Reporting Items for Systematic Reviews and Meta-analysis
(PRISMA) flow diagram (Figure 1).! The comprehensive and
highly sensitive electronic search had neither language nor pe-
riod of publication restrictions. The following National Library
of Medicine Medical Subject Headings (MeSH) terms and key-
words were employed: “ECIRS” (for all the databases), “endo-
scopic combined intrarenal surgery,” and “flexible ureteroscopy
AND percutaneous nephrolithotomy” for PubMed and Scopus
(not for Ovid Medline or Web of Science, because of the very
high number of nonrelated citations). Additionally, the reference
lists of the selected publications were checked manually for eli-
gible articles. Screening, to improve specificity, was applied to
each title and abstract identified in a standardized manner by one
author (C.M.C.); the other author (C.M.S.) screened a random
sample (10%) of excluded records and independently assessed
all studies that met inclusion criteria. A narrative synthesis for
analysis of the selected studies was used.

* ECIRS stands for endoscopic combined intrarenal surgery and
is the combined antegrade and retrograde approach to large
and/or complex urolithiasis, using both rigid and flexible
scopes.

e ECIRS achieves high stone-free rates with low complication
rates, mainly of low grade according to the Clavien—Dindo
classification.

e In ECIRS, safety and efficacy are enhanced by a number of tips
and tricks, including preliminary diagnostic retrograde flexible
ureteroscopy, endovision control of the percutaneous access,
application of a through-and-through guidewire, bilateral irri-
gation with optimal vision and fragments drainage, retrograde
cooperation in stone preparation, clearance, and treatment.

Types of study design included
Randomized controlled trials (RCTs), quasi-RCTs, nonrandom-
ized comparative studies (NRCSs), single-arm case series with
at least 50 patients, systematic reviews, and meta-analyses were
considered eligible for inclusion.

Exclusion criteria were the following: commentaries, editori-
als only, expert opinions, absence of outcome data, incomplete
technical description of the surgical technique, inability to read
the complete article, case reports, book chapters, theses, re-
views, congress abstracts, absence of abstract, and single-arm
case series with less than 50 patients.

Types of patients included

The study population included patients who underwent ECIRS
for urolithiasis eligible for PNL according to the EAU guide-
lines®! irrespective of age, sex, American Society of Anaesthe-
siologists (ASA) score, body mass index (BMI), presence of
congenital or acquired abnormalities of the urinary tract, urinary
diversions, or kidney transplantation.

Types of interventions included

Only studies clearly reporting about ECIRS, i.e. combining
retrograde ureteroscopy and PNL in the same procedure, were
included, without any discrimination regarding the patient posi-
tion during PNL (prone, prone-modified, supine, supine-mod-
ified, etc.), kind of retrograde ureteroscope used (semirigid or
flexible), or the diameter of the percutaneous access.

Objectives and outcome measures

The primary objective was to assess the current efficacy and
safety of ECIRS, using stone-free rates (SFRs) and complica-
tion rates (CRs) with their Clavien—Dindo grading!'?! as outcome
measures, respectively.

Additional outcome measures included were: number of per-
cutaneous accesses, operative time, length of hospital stay,
hemoglobin drop, transfusion rates (TRs), qualitative anal-
ysis of the reported complications, and need for secondary
procedures.

The secondary objective was to identify relevant tips and tricks
useful during the daily practice of ECIRS, possibly simplifying
some PNL surgical steps.

Results

A total of 14 studies were included in the present systematic re-
view: two systematic reviews,'*!* one RCT,'* three prospective
case series,!'>19 three retrospective case series,'!”! and five
NRCSs (Figure 1; Tables 1 and 2).20-24
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Figure 1. PRISMA flow diagram

Stone-free rates

For ECIRS, the selected studies report SFRs ordinarily >80%
through a single percutaneous access most of the times,!!#!3-24
ranging from 61%"4 to 97%."! The highest SFRs are described
for standard accesses (24-30F) and smaller stones!!#!3:15:16201
and the lowest for the miniaturized approaches employed to
treat high-burden urolithiasis.!?2%24

Complication rates

CRs reporting has been done in almost all selected studies accord-
ing to the Clavien-Dindo classification. The range is 5.8%—44%,
regardless of the tract size or puncture guidance, but mostly corre-
lated with larger staghorn stones and longer operation times.*!'*24

Most complications are grade 1 and 2, with none!'>'71*%1 or very
rare grade 3114181924 gpecdotal grade 4,12 and no grade 5.

The bleeding risk appears to be rather low, as demonstrated by the
limited postoperative hemoglobin drops (0.8-2.1 g/dL) and the
0.5%-3% TRs, irrespective of the tract size. The reported rate of
fever (body temperature >38°C) and of systemic inflammation re-
sponse syndrome (SIRS), possibly evolving into urosepsis/septic
shock, is also very variable, ranging from 3% to 40% '™

Other parameters
The decreased need for multiple accesses in ECIRS is evident
in all the selected papers: some surgeons performed ECIRS
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Figure 2. ECIRS in the Galdakao-modified supine Valdivia po-
sition. Ureteroscopic choice of the inferior-posterior calyx con-
taining stones for the percutaneous renal puncture, fluoroscopic
image after delicate retrograde contrast medium injection

Figure 3. Endoscopic vision of the hydrophilic 0.038” guide-
wire exiting from the tip of the calyceal papilla after the per-
cutaneous renal puncture (FlexXC, Storz)

minimizes the risk of underdilation in the parenchymal tissue
(possibly causing bleeding and need to redilate the tract) or, con-
versely, of overdilation (possibly injuring the collecting system
and also causing bleeding) (Figures 4-6).I'2"!

Figure 4. Endoscopic vision of fascial 8F dilator inserted over
the 0.038” hydrophilic guidewire (FlexXC, Storz)

Figure 5. Endoscopic vision of the balloon dilator insertion
and inflation (FlexXC, Storz)

The possibility of checking under vision all the steps of the
percutaneous access allows for a reduced X-ray exposure (for
the patient and all the people working in the operating theater),
as demonstrated by the shorter fluoroscopy times of ECIRS.

[15,16,18,20.24]
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Figure 6. Ureteroscopic control of Amplatz sheath applicati-
on, fluoroscopic image

Figure 7. Patient in the Galdakao-modified supine Valdivia
position, ready for ECIRS, with reference lines (posterior axil-
lary line, iliac crest, 12 rib)

The retrieval of a through-and-through guidewire by ureteros-
copy, grasping the antegrade wire once it reaches the view of
the ureteroscope and pulling it down through the ureter/bladder/
urethra, guarantees maximal safety and stability of the kidney,
eliminating the risk of inadvertent loss of access during the pro-
cedure 320

A “hydraulic” advantage of ECIRS has also been described.
In fact, the bilateral (antegrade and retrograde) irrigation

Figure 8. In the supine and supine-modified positions the
Amplatz sheath is horizontal or slightly inclined down-
wards, favouring irrigation outflow and stone fragments
drainage

of the collecting system is effective for better endoscopic vi-
sion (which might be worse in the supine positions because
of the low intrarenal pressure and the easy irrigation outflow)
and the spontaneous drainage of small stone fragments, also
taking into account the favorable inclination of the Amplatz
sheath, which is horizontal or slightly inclined downwards

in the supine and supine-modified positions (Figures 7 and
8)‘[1,17,20,23]

The concept of ECIRS extends beyond the diagnostic role of
retrograde ureteroscopy and might well include an active role
in stone preparation, clearance, and treatment.'"'*?°?! Stones
lying in the ureter or in calyces parallel to the percutaneous tract
might be reached retrogradely without the need for a second
puncture, can be basketed and relocated for access by a rigid or
flexible nephroscope, or even carried out through the Amplatz
sheath with the “pass the ball” maneuver. In this case, the risk of
damage to the flexible ureteroscope is reduced. Additionally, if a
stone is stuck in the target calyx or its infundibulum, retrograde
holmium laser lithotripsy can drill a passage through the calcu-
lus for the ureteroscope to expose the target calyx and visualize
the puncture or for the descending guidewire and the free flow
of irrigation.

Final exploration of all calyces is greatly improved by the
cooperation of retrograde flexible ureteroscope with the an-
tegrade rigid and flexible nephroscope, integrated by pyelog-
raphy,!"""¥ making it possibile to complete stone fragment
removal, improve SFRs, reduce secondary procedures, and

even avoid postoperative computed tomography (CT) scans.
16}
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Discussion

Stone-free rates

PNL monotherapy of large and/or complex urolithiasis usually
displays rather high SFRs: generally >75% when considering
standard access and the possibility of multiple tracts, being 57%
for staghorn stones, 66% for complex stones, and 78% and even
more for simple stones and miniaturization.*#%2%1 For ECIRS,
SFRs turn out to be even higher (61%—-97%), especially in the
case of standard accesses and smaller stones and usually through
a single percutaneous access.

Generally speaking, the high variability of PNL SFRs reported
in the literature (even ranging from 40% to 90%) springs from
two main sets of problems: one is how the “stone-free” status is
defined; the other one is how and how long after PNL it is as-
sessed case by case 52930

In the selected papers, the criteria for the stone-free status are
sometimes not specified,!*!3182% ygually correspond to frag-
ments <4 mm,!'#'71921.233241 i one case <5 mm,"*? in another <2
mm,"'% and, only in one article, to complete absence of residual
fragments.['5!

Some authors use only plain kidney—ureter—bladder (KUB)
X-rays and/or ultrasound (US)!""?!l; others interchange X-rays
and Non Contrast Computed Tomography (NCCT)!"#2?! based
on their own judgment; the majority of the authors employ
NCCT (considered as the imaging with the higher sensitiv-
ity in spite of the higher exposure to ionizing radiations when
compared with KUB and USP), variously integrated with US,

KUB, and/or endoscopic final exploration at the end of sur-
gery.[l,15¢l6,19,23,24]

The timing of such postoperative evaluation is sometimes not
specified!+13:1820221: it g extremely variable, ranging from the
first or second postoperative day!'¢? to 1/2,14151 4 172123241 op
even 12 weeks!"”! after ECIRS, occasionally with both an early
and a late check."! The recommended time interval according to
the current EAU guidelines is 4 weeks,"! considering that a too
premature NCCT after PNL could produce false positive results
from dust or residual fragments amenable to spontaneous elimi-
nation without any stone-related event.

It is credible that in traditional standard PNL, larger staghorn
or multiple stones might equally require more percutaneous
tracts and/or more ancillary procedures, especially in the case of
miniaturized tracts,*!! bringing the problems of the small-sized
retrograde intrarenal surgery (RIRS) monotherapy into the PNL
technique in terms of efficacy (speed of lithotripsy and time of
stone debulking).

Additionally, it is also credible that in a single-access ECIRS, the
integrated use of flexible nephroscopy and flexible retrograde
ureteroscopy might represent an effective strategy to improve
the one-step SFR (implying less secondary procedures, and thus
less economic burden and weight on the patient’s quality of life,
in spite of the requirement of two operating surgeons with two
sets of equipment and ancillary instrumentation).32

Complication rates

PNL monotherapy displays extremely variable CRs, ranging
from 10.5% to 42% and predominantly classified as grade 1-3
according to Clavien—-Dindo, when considering standard access
and the possibility of multiple tracts.*#) CRs can be as high as
83% in some series of standard PNL, the major ones occurring
between 1.1% and 7%.,*® and as low as 15%—19% in miniatur-
ized approaches.”>?"! In addition, multiple percutaneous tracts
are known to increase hemorrhagic risk.?*3!

Similarly, ECIRS displays extremely variable CRs, ranging from
5.8% to 42%, but again predominantly of low grade. For sure, in
traditional PNL as well as in ECIRS, the different complexities of
stone features, anatomy of the collecting system, and patient’s fac-
tors/comorbidities might contribute to make CRs so heterogeneous,
as well as the extent of the urologist’s experience and the complete-
ness of the endoscopic armamentarium available. CRs may also be
influenced by the “fussiness” in filling out the databases, and we
can affirm this in our experience: in fact, in our first case series of
127 ECIRSs, we reported 38.6% CRs, including 3.9% clinically
insignificant hematuria (with no hemoglobin drop, no clinical im-
plications, and no additional measures) and 26% of transient fevers
(also including transient elevation of the body temperature up to
37.5°C during the first 48 postoperative hours, with no SIRS nor
urosepsis, requiring no further treatment).!"! Excluding those events,
CRs would have been more or less 10%, and in fact, later on, a new
case series of 310 ECIRS displayed a 7.4% CR.1*®

The reduced bleeding risk of ECIRS-proven by the limited he-
moglobin drop and the decreased TRs, 0.5%-3% versus 6.1%-
7% for the standard prone PNL and 4.3% for the supine-is evi-
dent and fully understandable because it is performed through
a single tract most of the times.’3*3337 In spite of the reduced
hemorrhagic risk of the miniaturized accesses,*?"! bleeding in
ECIRS displays no evident correlation with tract size (it is hardly
believable that a 24 F access, equivalent to 7.92 mm, could defi-
nitely cause more bleeding than a 18 F one, equivalent to 5.94
mm). Rather, the role of the puncture technique (papillary or
nonpapillary)-4 as well as the entity of intraoperative torque-
ing“! might represent additional factors affecting the bleeding
rate, largely dependent upon the surgeon’s skills and experience.
In particular, the need for torqueing the rigid nephroscope is
implicitly reduced in ECIRS by the use of flexible scopes, ad-
ditionally assisting a safe papillary puncture.
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Infectious complications of PNL include fever (10.8% accord-
ing to EAU guidelines), SIRS, and urosepsis (0.5% with high
mortality rates) and range from 3% to 40% >3 especially in
the case of bacteriuria and urinary tract infections, comorbidi-
ties such as diabetes or neurogenic bladder, renal abnormalities,
multiple accesses, larger stone size, prolonged operative time,
and high irrigation flow pressure. The role of intrarenal pres-
sures during PNL might be relevant. One might think that a 30F
PNL should have an optimal irrigation outflow by definition, but
the truth is that many factors, including the perpendicular an-
tigravitational positioning of the Amplatz sheath in the prone
position or an unfavorable ratio between working sheath and
nephroscope, might increase the working intrarenal pressures.
The importance of the ratio between the access tract size and the
diameter of the nephroscope used has been recognized for many
years,“'42 and a difference of at least 4F is relevant to guarantee
continuous and low-pressure irrigation outflow. Small accesses
develop high intrarenal pressures and a higher risk of end organ
bacterial seeding in the setting of an infected collecting system,
suggesting a higher potential for infectious complications in a
clinical setting.** The use of miniaturized ECIRS with respect
to the 4F rule actually results in a particularly low incidence of
complications."' Finally, the regular application of a protocol
for prevention of infectious complications might practically nul-
lify the infection risk .

Other parameters

The decreased need for multiple accesses in ECIRS, evident
in all the selected papers, has been underlined in several cir-
cumstances since the 1990s.143233 In fact, the adjunct of flexible
nephroscopy and flexible retrograde ureteroscopy well compen-
sate the need for multiple percutaneous tracts, also implying an
increased hemorrhagic risk.*3

The operative time, sometimes considered longer in ECIRS,
as already spotted with some biases in the past,*” is in the end
somehow shorter. In fact, the correct way of calculating the op-
erative time is to consider the beginning of the retrograde access
as the starting point and the application of the drainages (neph-
rostomy, ureteral, and urethral catheters) as the final step. Pa-
tient positioning was even included in one study.!! The Clinical
Research Office of the Endourological Society (CROES) study
excluded the preliminary retrograde application of the ureteral
catheter from the calculation and considered the renal puncture
as the starting point, thus obtaining slightly shorter operating
times for PNL when compared with ECIRS."!

The hospital stay displays a very wide range (2-31 days) with a
mean value of 6 days. We believe that this is a very evanescent
parameter, because it strongly depends on local habits, “nation-
al” attitudes (try and send an Italian patient home with nephros-
tomy and/or urethral catheter! In contrast, in the United States,

outpatient PNL has been safely and effectively performed for
moderate-sized stones, almost regardless of comorbidity sta-
tus®), and reimbursement modalities/health system and assis-
tance.

As to secondary procedures, it is well known that patients with
staghorn stones will probably require multiple PNLs or a num-
ber of second-look procedures,” which should be included
when calculating the global economic burden of a stone patient
rather than the cost of a single ECIRS, a versatile procedure for
one-step complete resolution.!32

Tips and tricks

Preliminary retrograde ureteroscopy is not particularly time-
consuming (it is like putting the eye of the urologist on the tip
of a retrogradely applied ureteral catheter, additionally reduc-
ing X-ray exposure) and is advantageous for the information the
urologist can obtain, especially about the dynamic anatomy of
the stone and the collecting system. At the same time, it does not
pose a risk for the scope because the use is mainly diagnostic
and can also be a very good didactic tool in an academic setting.
1332331 If retrograde ureteroscopy is not possible, the indication is
to avoid forcing the situation and causing long-lasting damage
of a noncompliant ureter.

UAS application is not an essential step of ECIRS ' because
routine irrigation outflow through the Amplatz sheath is ade-
quate and the intrarenal pressure is low. The retrograde urologist
must only remember to stop irrigation in unfavorable moments
such as when there is only the guidewire inside or during di-
lation. UAS might become useful in miniaturized accesses or
when a prolonged active role of the retrograde approach is ex-
pected.

Endovision puncture is not an absolute obligation (in case of
staghorn stones or obstructed infundibula do not force, risking
damage to the ureteroscope). The retrograde approach can sim-
ply potentiate irrigation from below vision, and thus water path
for the wire, and, later on, the spontaneous drainage of stone
fragments using the washout mechanism and the transport tech-
nique, enhanced by the downward orientation of the Amplatz
sheath in the supine and supine-modified positions, continuous-
ly discharging bilateral irrigation and stone fragments. 9 In case
it is possible, Endovision checks the renal puncture minimizing
bleeding 320321

The possibility to check under vision all the steps of the percuta-
neous access allows us to reduce X-ray exposure, for the patient
and all the people working in the operating theater. This is also
our experience and can be further improved by paying atten-
tion and maximally avoiding fluoroscopy when it is not strictly
necessary. In fact, in 2008, we reported 8.7 minutes as mean
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fluoroscopy time; later on, it became 3.3 minutes in Endovision-
assisted ECIRS, being 5.5 min in ECIRS during which Endovi-
sion-controlled percutaneous access was not possible.!!3647!

The retrieval of a through-and-through guidewire by retrograde
ureteroscopy guarantees maximal safety during ECIRS and sta-
bility of the kidney, resulting much more mobile in the supine
positions.??! Alternatively, a retrograde guidewire can be exter-
nalized with a basket or forceps from the Amplatz sheath with
the nephroscope, after a provisional guidewire coiled within the
collecting system for access creation, eliminating the risk of in-
advertent loss of access during the procedure.?332-33]

The active role of retrograde flexible ureteroscopy during
ECIRS is a minor possibility, but can occasionally contribute
to solving problems or completing stone clearance (a calci-
fied JJ stent in the bladder, a ureteric stone or stricture, calculi
within a calyx parallel to the access tract or in calyces difficult
to reach antegradely even with the flexible nephroscope, pass
the ball technique with stone relocation, or in situ laser litho-
tripsy).[23323]

Final exploration of all calyces is fundamental to improve
SFRs™ and might also reduce the use of postoperative imaging
with related radiation exposure 231647

Finally, innovative roles for ECIRS are outlined in the 13 ex-
cluded case reports, underlining ECIRS versatility for encrusted
stent removal and treatment of refractory staghorn stones in sin-
gle kidneys, of squamous cell carcinomas and obstructing stones
in calyceal diverticula, of staghorn stones in embolized kidneys,
and in complex renoureteral lithiasis involving normal and ileal
ureters in children. 8-

In conclusion, the current evidence suggests that patients with
large and/or complex urolithiasis might benefit from the adjunct
of flexible nephroscopy and ureteroscopy to rigid PNL. In par-
ticular, retrograde flexible ureteroscopy during PNL plays a dual
role, both diagnostic and active, allowing tailoring of the pro-
cedure to the patient, the urolithiasis, and the anatomy of the
collecting system, and to optimize PNL efficacy and safety. This
is ECIRS: an updated, complete, and versatile version of PNL.
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